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0LIG0NUC3LE0TIDES HAVING CONJUGATES ATTACHED 
AT THE 2 '-POSITION OF THE SUGAR KOIET? 



This invention relates to modified oligonucleotides 
which may bind to a DNA, an RNA, a protein, or a 
polypeptide, for use as a therapeutic agent. More 
particularly, this invention relates to oligonucleotides 
having conjugates attached at the 2' position of the sugar 
moiety of one or more nucleotide units. 

Oligonucleotides may be of value as therapeutic agents 
for the treatment of a wide variety of diseases. 
Oligonucleotides offer the potential for a high degree of 
specificity by virtue of their capability for base pairing 
with complementary nucleic acid strands. Natural 
oligonucleotides, however, are relatively ineffective as 
therapeutic agents due to their poor penetrability into the 
cell, and their rapid degradation by enzymes inside the 
cell. Therefore, relatively high concentrations of natural 
oligonucleotides are needed in order to achieve a 



The scientific literature contains some examples of 
ions of the 2' or. 3* position of a nucleotide 
sugar. For example, Furukawa et al. in Chem. Pharm. Bull .. 
Vol. 13, pg. 1273 (1965) described the synthesis of 
2'-0-methyl derivatives of nucleotides. Other investigators 
ahve described the modification of the 2' or 3' position of 
the nucleotide sugars at the 3* terminus of 
oligonucleotides . 

Various methods for the synthesis of 2*-alkoxy 
oligonucleotides have been reviewed b^' Chtsuka and Iwai in 
Synthesi s and .Applications of DNA and RNA : Narang, S.A., 
Ed,; Academic Press: Orlando, pg.115 (1987) and by Reese in 
Nucleic Acids and Molecular Biology r Springer - Verlag: 
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Berlin, Vol. 3, pg. 164 (19S9). These methods involve 
protection of the 2 ' -hydroxyl function with a suitable 
protecting group. Recently, Sproat and his coworkers 
presented a synthesis of 2'0-alkyl oli go ribonucleotides and 
Kawasaki et al. reported the preparation of 2'-deoxyribo 
fluorine-modified oligonucleotides at the International 
Conference on Nucleic Acid Therapeutics, Clearwater Beach, 
Florida, January 13-17, 1991. At the sane conference Bhan 
et al. described the synthesis of 2 ' -O-methylribonucleotide 
methylphosphoxxate and a 3 ' , 5 ' -dinucleotide of 
2'-amino-2'-deoxyuridine and 2 ' -deoxyuridine . They also 
reported that the presence of the 2'-0-methyl group 
increased resistance to spleen phosphodiesterase and also 
enhanced the binding to the conqplementary SNA strand • 
2'-0-nonyl, 2'-0-aminoalkyl-, 2*-0-tert-butyldiinethylsilyl-, 

2 ' --0-imidazolylpropyl~adenosine-modi£ied 
oligonucleotides were reported by Giiinosso et al. in 
Nucleosides and nucleotides . Vol. 10, pgs. 259-262 (1991) • 

Derivatiaation of oligonucleotides with intercalating 
agents such as 2-methoxy<-6-chloroacridine at the 3* terminus 
has been described by Toulme, et al., in Proc> Matl. Acad. 
Sci, U>S,A, . Vol. 83, pg. 1227 (1986) using phosphotriester 
chemistry. They reported that this kind of modification 
increases the melting temperature (Ttai) when hybridized to a 
con5>lementary oligonucleotide, in^roves the biological 
activity and permits the use of shorter oligonucleotides 
than would otherwise be required. Their synthesis involves 
linking of 3 '-phosphate of the 3 '-terminal nucleotide with 
the 9-afflino group of 2-methoxy-6-chloro*-9-arainoacridine 
through a pentamethylene bridge. Burand et al., in Nucleic 
Acids Res . . Vol. 17, pg. 1823 (1989) have described the 
3 ' -conjugation of modified oligonucleotides such as 
methylphosphonates and methyl esters. Cautier et al. have 
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described in Nucleic Acids Ren., Vol. 25, pg. 6625 (1987) 
the linkage of^ as well as ^anomeric oligonucleotides 
with oxazolopyridocarbazoles via the 3 '-terminus using an 
aminoalkyl linker. 

Knorre, et al. in Russ. Chem. r..^ (English Transl.) 
Vol. 54, pg. 836 (1985) and Vlassov, et al, in Gene, 72, 313 
(1988) have reported the attachment of alkylating groups to 
the 3 '-terminus via a 2',3'-acetal linkage with an aromatic 
(2-chloroethyl) amino group. Le Doan et al. have described 
the derivatization of oligonucleotides at the 3 '-position of 
the sugar by DNA cleaving agents such as pot^yrin in 
Nucleic Acids R>>s , Vol. 15, pg. 8643 (1987) and in 
Biochemistry , Vol. 25,. pg. 6736 (1986). 

Enzyme-oligonucleotide conjugates in which the enzyme is 
attached to the 3 ' -position . of the sugar at the 3 '-terminus 
of the oligonucleotide have also been described by Schultz 

J» Am. Ghent, Soc, Vol. 110, 1614 (1988) and in 
Science, Vol. 238, pg. 1401 (1987). 

A solid phase synthesis of oligonucleotides with a 
3 '-peptide unit was described by Haralambidis, et al. in 
Tetrahedron Lett., Vol. 28, pg. 5199 (1987). Lemaitre, et 
al. has disclosed in Proc. Natl. Acad. Sci. U.S.A. . Vol. 84, 
pgs. 648-652, (1987), and in Nucleosides and Mull^ni-^^^o' 
Vol. 6, pg. 311 (1987) oligonucleotide-poly-L-lysine 
conjugates for improving the transport properties of 
oligonucleotides. However, this approach Is not effective 
in all cells and polylysine is toxic at higher 
concentrations . 



et al. in Proe. Natl. Acad. Sci. U.S. a 
Vol. 86, pgs. 6553-6556 (1989) reported that some 
cholesterol conjugates of natural oligonucleotides and 
phosphorothioate oligonucleotides were taken up by the cell 
more rapidly than their unmodified counterparts. These 
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oligonucleotides contain the cholesterol group attached to 
an intemucleotide bond* These conjugates were synthesized 
by reacting a support-bound di nucleotide phosphate 
derivative with reactive cholesteryl amine in the presence 
of an oxidizing agent such as carbon tetrachloride. 
Boutorin, et al. in FEBS Letters . Vol. 254, pg* 129 (1989) 
described the synthesis o£ 3 * -cholesterol conjugates which 
involved iiie preparation of a 3'-phosphorylated 
oligonucleotide followed by reaction with cholesterol to 
yield the corresponding 3j-phosphodiester. 

It is an object of the present invention to provide a 
modified oligonucleotide having iniproved uptake into a cell^ .-^ 
and increased stability inside the cell, as well as 
facilitating the attachment of modifying conjugate groups to 
the oligonucleotide. 

In accordEuice with an aspect of the present invention, 
there is provided an oligonucleotide wherein at least one 
nucleotide unit thereof is substituted at the 2' position of 
the sugar moiety with a moiety X, wherein X is (L)^-Rj. L 
is a linker group and n is 0 or 1- is a moiety which 

improves ttptake of the oligonucleotide into the cell and/or 
increases the stability and/or pharmacological activities of 
the oligonucleotide; for exan^le, increased stability 
against one or more nucleases. 

is selected from the group consisting of (a) amino 
acids, including D-amino acids and L-amino acids; (b) 
peptides, po).ypeptides, and proteins; (c) dipeptide mimics; 
Cd) sugars; (e) sugar phosphates; (f ) neurotransmitters; (g) 
hormones; (h) poly (hydiroxypropylmethacrylamide) ; (i) 
polyethylene imine; (j) dextrans; (k) polymaleic anhydride; 
(I) cyclodextrins; (m) starches; (n) steroids, including 
sterols such as, but not limited to, cholesterol; (p) 
acridine; . and (p) vitamins, with the proviso that the <^ 
vitamin is not biotih* 
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The term "oligonucleotide" as used herein means that 
the oligonucleotide may be a ribonucleotide, 

deoxyribonucleotide, or a • ^ 

*• » mixed 

ribonucleotide/deoxyribo-nucleotide ; i.e., the 

oligonucleotide may include ribose or deoxyribose sugars or 
a mixture of both. Alternatively, the oligonucleotide may 
include other 5-carbon or 6-carbon sugars, such as, for 
example, arabinose, xylose, glucose, galactose, or deoxy 
derivatives thereof or any mixture of sugars. 

The phosphorus containing moieties of the 
oligonucleotides of the present invention may be modified or 
unmodified. The phosphorus containing moiety may be, for 
example, a phosphate, phosphonate, alkylphosphonate, 
aminoalkyl phosphonate, thiophosphonate, phosphoramidate , 
phosphordiamidate, phosphorothioate, phosphorothi onate, 
phosphorothiolate, phosphoramidothiolate, and 

phosphorimidate. it is to be understood, however, that the 
scope of the present invention is not to be limited to any 
specific phosphorus moiety or moieties. Also, the 
phosphorus moiety may be modified with a cationic, anionic, 
or zwitterionic moiety. The oligonucleotides may also 
contain backbone linkages which do not contain phosphorus, 
such as carbonates, carboxymethyl esters, acetamidates , 
carbamates, acetals, and the like. 

The oligonucleotides also include any natural or 
unnatural, substituted or unsubstituted, purine or 
pyrimidine base. Such purine and pyrimidine bases include, 
but are not limited to, natural purines and pyrimidines such 
as adenine, cytosine, thymine, guanine, uracil, or other 
purines and pyrimidines. such as isocytosine, 
6-methyluraci 1 , 4 , 6-di-hydroxypyrimidine , hypoxanthine , 
xanthine, 2,6-diaminopurine, 5-azacytosine, 5-methyl 
cystosine, and the like. 
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In general, the oligonucleotide includes at least two, 
preferably at least 5, and most preferably from 5 to 30 
nucleotide units* 

In one emfaodimenty the at least one nucleotide unit 
which is substituted at the 2* position is the 3^ terminal 
nucleotide unit* 

In another embodiment, the at least one nucleocide unit 
which is substituted at the 2* position consists of one or 
more adjacent nucleotide \mits at the 3* end and/or the 5' 
end of the oligonucleotide* In yet another embodiment, the 
at least one adjacent nucleotide unit which is substituted 
- at the 2\ position as hereinabove described may be 
nucleotide units which alternate with unsubstituted - 
nucleotide units. In another embodiment, all of the 
nucleotide units are substituted at the 2* position. / 

Amino acids which may be attached to the 2* position of 
the sugar moiety include, but are not limiteci to, alanine, 
methionine, leucine, isoleucine, and lysine, as well as 
dipeptides, polypeptides, and polymers and copolymers of the 
above-mentioned amino acids, such as, for example, 
poly lysine, as well as proteizis« The amino acids, or 
polymers thereof, may be attached to the at least one 
nucleotide unit by the acid functionality, ttm amino group, 
or by the side chain. 

Dipeptide mimics which may be employed include, but are 
not limited tOr aminoethyl glycine , and the cephalosporins. 
Cephalosporins which may be employed include, but are not 
limited to, cephalexin, cephradlne, cefaclor, cefadroxil, 
cefazolin, and cefotiam. 

Sugars which may be conjugated to at least one 
nucleotide unit of the oligonucleotide at the 2* position 
include , but are not limited to , 5-carbon and 6-carbon 
sugars • 5-carbon sugars which may be esiployed include 
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riboae, arabinose, xylose, and iyxose. 6- carbon sugars 
include, but are not limited to, glucose, galactose, 
mannose, allose, gulose, idose, talose, and altrose! 
Preferred sugars are glucose, galactose, and mannose. 

Sugar phosphates which may be employed include, but are 
not limited to, mannose-6-phosphate, glucose-6-phoaphate 
galactose-6-phosphate, mannose- 1-phosphate,' 

glucose- 1-phosphate, and galactose-l-phoaphate. 

Neurotransmitter conjugates at the 2' position of at 
least one nucleotide unit of the oligonucleotide include, 
but are not limited to, acetylcholine, dopamine,' 
epinephrine, norepinephrine, and serotonin. A preferred 
neurotransmitter is dopamine. 

Hormones which may be attached to the 2' position of 
the sugar moiety of at least one nucleotide unit of the 
oligonucleotide include, but are not limited to, peptide 
hormones and steroid hormones. Peptide hormones which may 
be employed include, but are not limited to, growth factors 
such as epidermal growth factor (EOF), which is a 
polypeptide containing 53 amino acids and is described in 
Savage, et al., J. Biol. Chem. Vol. 247, pg. 7609 (1972); 
thyrotropin releasing factor (TRH); oxytocin; and 
cholecystokinin. Steroid hormones which may be employed 
include, but are not limited to, female sex hormones such as 
estrogens (eg., estrone), male sex hormones such as 
testosterone and androsterone, and corticoids such as 



Polymers which may be attached to the 2' position of 
the sugar moiety of at least one nucleotide unit of the 
oligonucleotide include, but are not limited to, 
polyethyleneimine, dextran, starch, and lipophilic polymers 
such as poly(hydroxypropyimethacrylamide); polymaleic 
anhydride, cyclodextrins, and starch. 

Steroids which may be attached to the 2* position of 
the sugar moiety of the oliogonucleotide include, but are 
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not limited to, the steroid hormones hereinabove described, 
and sterols, which include, but are not limited to, 
cholesterol. 

Any vitamin may be attached to the 2* position of the 
sugar moiety of at least one nucleotide unit of the 
oligonucleotide, with the proviso that the vitamin is not 
biotin (Vitamin H) . Representative examples of vitamins 
which may be attached to the 2' position of the sugar moiety 
include, but are not limited to. Vitamin A, Vitamin B^, 
Vitamin E^, Vitamin Bg, Vitamin B-j^^' Vitamin C, Vitamin D, 
Vitamin E, folic acid, and nicotinic acid. 

A variety of methods may be used to attach conjugate 
groups directly to the 2'-positijon of oligonucleotides. The 
hydroxy 1 group of a ribonucleotide unit in the oligomer can 
be used as an attachment site, and reaction with an 
activated ester of the conjugate group would produce an 
ester linkage between the oligonucleotide and the conjugate 
group. An amino group can be introduced into the 
oligonucleotide (hereinafter described as an 
oligonucleotide amino group") by methods such as those 
outlined hereinbelow, and reaction of this amino group with 
an activated ester attached to the conjugate moiety would 
produce a conjugate linked via an amide functionality. 
Alternatively, a thiol group can be introduced into the 
oligonucleotide (hereinafter described as an 
"oligonucleotide thiol group") and this can be used as the 
attachment site. An active ester attached to the conjugate 
would produce a thioester, or alternatively reaction with 
another thiol would produce a conjugate linked by a 
disulfide bridge. Other substituent groups could be 
attached to the 2 '-position by a variety of chemistries. 

Linker arms can be employed to attach conjugate groups 
to oligonucleotides, and examples of such linker groups are 
described -herein. The length of the linker 
varied so as maximize "the binding of the conjugate group 
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to the receptor, which may be enhanced when the conjugate 
group is well separated from the oligonucleotide. 

Thus, in one embodiment, the moiety X includes a linker 
group L which links the moiety R^^ with the oligonucleotide • 
A wide variety of linker groups may be employed, depending 
upon the nature of the nucleotide unit, the moiety R^, and 
whether the linker group is present during the synthesis of 
the oligonucleotide. The linker group may be a single atom, 
or a functional group. Examples of linkers include, but are 
not limited to or amino groups, sulfur atoms, and 

polyvalent functional groups. 

In another embodiment, the linking group is derived 
from a polyvalent functional group having at least one atom, 
and not more than about 60 atoms other than hydrogen, 
preferably not more than about 30 atoms other than hydrogen. 
The Linker group in general has up to about 30 carbon atoms, 
preferably not more than about 20 carbon atoms, and up to 
about 10 heteroatoms^ preferably up to about 6 heteroatoms, 
and in particular such heteroatoms may be oxygen, sulfur, 
nitrogen, or phosphorus. Representative examples of linker 
groups include, but are not limited to 




-C^V-(CH2)^-NH-; 
-C0-;-C0-CH2-CH2-S-S-;; -CH2CH2NHC0(CH2 CONH-; 
-CH2CH2'"NB[-Q-(CH2)n*'^"' wherein Q is 2,5-guinondiyl; 
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In the above structures, n is from 1 to 20, preferably from 
2 to 12, and more preferably 6. 

Most preferably, however, the linker group is an -NH- 
group. The -NH- group may serve as a linker alone, or may 
be bonded to other linker groups such as those hereinabove 
described to form a linker group for linking the conjugate 
groirp to the oligonucleotide. 

It is to be understood, however, that the .means of 
attachment of a conjugate group to the oligonucleotide at 
the 2 ' position of the sugar moiety varies with respect to 
the conjugate group employed. For example, amino acids may 
be attached to the 2 ' position ot an oligonucleotide via the 
amino group, the earboxyl group, or the side ^ain. 

Attachment to the amino group of the amino acid can be 
accomplished by using a croaslinking agent such as 
disuccininldyl suberate, ^AiCh forms amide bonds with both 
the amino acid and with a 2 * -oligonucltotide amino group. 
Other croaslinking agents with shorter or longer linker arms 
can also be eiiq>loyed in place of disuccinimidyl suberate. 
Attachment via the earboxyl group can be accoii?)lished by 
activation using an N-hydroxysuccinimide estet or another 
active ester such as a p-nitrophenyl or pentafluorophenyl 
ester. Such esters can be reacted directly with a 
2 ' -oligonucleotide amino group or reacted with an amino 
group attached to the 2* -position via a linker arm. 
Alternatively such active enters can be reacted with the 
2 • -hydroxyl groi^ or a . 2 ' -oligonucleotide thiol group to 
give conjugates linked via ester or thioester linkages. 
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respectively. Attachment to the side chain of an amino acid 
depends upon the nature of the amino acid because the side 
chains differ widely. Attachment to acidic or basic side 
chains can be carried out by methods similar to those 
described for the carboxyl and amino groups / whereas 
attachment to hydrocarbon aide chains necessitates 
introduction of new attachment sites. 

Because peptides and proteins possess the same 
functional groups as amino acids, the same chemistries as 
described above with respect to amino acids can be used for 
attachment of peptides. Attachment at the terminal 
residue can be achieved by coupling to an amino group on the 
2 ^-position of the oligonucleotide, using a coupling agent 
such as carbodiimide. Attachment to the N«-terminal amino 
acid can be carried out using a crosslinking agent such as 
disuccinimidyl suberate which will form amide bridges with 
the 2* -amino .group of the oligonucleotide and also with the 
amino group on the peptide. Peptide hormones, such as those 
hereinabove described often possess amino acids with basic 
sidechains such as lysine which are also logical sites for 
attachment to the oligonucleotide using the same chemistry 
as outlined above. 

Dipeptide mimics such as aminoethyl glycine possess 
amino and carboxyl groups, both of which can be used for 
attachment. Attachment via the amino group can be 
accomplished by using a crosslinking agent such as 
disuccinimidyl suberate, which forms amide bonds with both 
the dipeptide mimic and with a 2'«oligonucleotide amino 
group. Other crosslinking agents can also be employed in 
place of disuccinimidyl suberate. Attachment via the 
carboxyl group can be accomplished by activation using an 
active ester as is hereinabove descibed with respect to 
amino acids. Such esters could be reacted directly with a 
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2* -amino group on the oligonucleotide, ox- reacted with bxi 
amino group attached to the 2 '-position via a linker arm. 
Alternatively, such active esters can be reacted with the 
2*-hydroxyl group or a 2 •-thiol group to give conjugates 
linked via ester or thioester linkages, respectively. 

Aminocephalosporins have been shown to be transported 
into cells via the dipeptide transport system of intestinal 
brush border membranes as was described in the Journal of 
Biologic al Chemiatrv / Volume 261, pgs, X4130- 14134 (1986), 
and thus can be considered as dipeptide mimics. These can 
be attached to oligonucleotides to produce conjugates which 
can be taken up by dipeptide transport systems and thus be 
internalized more efficiently* These molecules possess 
amino and carboxyl groups , both of which can be used as 
attachment sites for conjugation using methods outlined 
above . Attachment to the amino group of the cephalosporin 
can be acconqplished by using a crosslinking agent which 
forms amide bonds with both the cephalosporin and with the 
2' -oligonucleotide amino group. Attachment via the carboxyl 
group can be accomplished by activation using an active 
ester which can be reacted directly with a 
2 ' -oligonucleotide amino group, or reacted with an amino 
group attached to the 2 '-position via a linker arm. 
Alternatively, such active esters can be reacted with the 
2'-hydroxyl group or the 2' -oligonucleotide thiol group to 
give conjugates linked via ester or thioester linkages, 
respectively. In addition, these compounds have other ring 
substituent groups which can be used as linkage sites 
without interfering with the amino and carboxyl 
functionalities. 

Sugars have several hydroxyl groups which can be used 
for attachment to oligonucleotides. In one embodiment, one 
may react a partially protected sugar derivative such as 
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1,2,3,4-tetracetyl-D-glucopyranoee with a 2 ' -phosphorylated 
oligonucleotide using a condensing agent such as 
dicyclohexylcarbodiimide or trl-isopropylbenzenesulfonyl 
chloride. Another approach is to use a crosslinking agent 
to attach a linker arm bearing an active ester group to a 
2 '-oligonucleotide amino group. This active ester would be 
capable of reacting with a hydroxyl group of the sugar to 
give an ester linkage. Yet another approach is to couple an 
active ester derivative of a sugar acid to a 2 '-terminal 
oligonucleotide amino group to produce an amide linkage 
Still another approach is to react a sugar i sothiocyanate 
such as 1,2,3, 4-tetracetyl- D-glucopyranose-l-isothiocyanate 
with a 2 • -oligonucleotide amino group . 

Sugar phosfdiates may be attached to oligonucleotides by 
condensation reactions via the phosphate group.. For 
example, reaction of l,2,3,4-tetraeetyl-gluco8e-6-phosphate 
with the 2 '-terminal amino group of an oligonucleotide using 
a condensing agent such as tri-isopropylbenzensulfonyl 
tetrazollde will produce a conjugate in which the sugar 
phosphate is linked to the oligonucleotide via a 
phosphoramidate linkage. Alternatively 1,2,3,4- 

tetracetyl-glucose-S-phosphate can be coupled to ' the 
2 '-hydroxyl group of a ribonucleotide using the same 
condensing agent to produce a conjugate linked via a 
phosphodiester . 

A conjugate with acetylcholine can be prepared by 
reaction of choline with bromoacetic anhydride to give 
bromoacetylcholine, which could- be linked to a 
2 • -oligonucleotide thiol group. The thiol can be attached 
directly to the sugar or to a linker arm attached to the 2'- 
position. 

Dopamine, norepinephrine and serotonin all have 
phenolic groups and amino groups which can be used as 
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attachment sites* Attachment via the amino group could be 
accomplished using a crosslinking agent such as 
disuccinimidyl suberate, providing that the oligonucleotide 
contains a 2 ' -oligonucleotide amino group. Various other 
crosslinking agents may also be employed and the length of 
linker could be adjusted for optimal activity. Other 
crosslinking agents may be used for coupling of a 
2 • -oligonucleotide tJiiol group to the amino group of 
dopamine, norepinephrine or serotonin. The phenolic groups 
of dopamine^ norepinephrine or serotonin may also be used as 
attachment sites. A linker arm with an active ester can be 
attached to the 2 '^position of the oligonucleotide as 
previously described, and reaction with an N-protected 
derivative of dopamine, norepinephrine or serotonin would 
produce a phenolic ester. Subsequent removal Qf the 
N-prdtecting group would produce the neurotransmitter 
conjugate. 

Steroids, which include steroid hormones and sterols 
such as cholesterol, may be attached to the 2 '-position of 
an oligonucleotide by a variety of cheMoistries depending 
upon the available substituent groups on the steroid or 
sterol. Estrone may be activated by formation of a 
chloroformate and then reacted at the amino group at the 
2 J -position with a protected or unprotected oligonucleotide. 
Alternatively, estrone can be reacted with epsilon 
bromohexanoic acid to give an acid which can then be 
converted into an active ester and reacted with a 
2* -oligonucleotide amino group. Similar procedures can be 
employed for the coupling of male sex hormones such as 
testosterone or androsterone, and corticoids such as 



Attachment of poly (hydroxypropylmethacrylamide) may be 

accomplished by synthesis of a monomer with a linker arm 
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such as N-methacryloyl-epsi Ion- amino caproic 

acid-p-nitrophenyl ester as described by Kopecek and 
Rejmanova in the Journal of Polvmer Sni^nn^ vol. 66, pgs. 
15-32 (1979), and copolymerizing a mixture of this material 
with N-(2-hydroxypropyl)methacryIamide (HPMA) . This will 
produce a poly-HPMA derivative with linker arms bearing 
reactive p-nitrophenyl ester groups, which can be reacted 
with 2 • -oligonucleotide amino groupto give an 
oligonucleotide-poly-HPMA conjugate. Poly-HPJIA derivatives 
with other side chains may also be used in this manner, and 
drugs such as adriamycin have been attached to poly-HPMA as 
described by Kopececk and Duncan in the Journal of 
Controlled Releaaa. Vol. 6, pgs. 315-327 (1987). 

Polyethylenelmine may be attached to an oligonucleotide 
at the 2 • -position by reaction of the oligonucleotide .with a 
crosslinking agent such as di succinimidyl suberate, followed 
by reaction of the product with polyethyleneimine. Other 
similar crosslinking agents with shorter or longer linker 
arms can also be employed in place of disuccinimidyl 
suberate if It Is deemed necessary to vary the length of the 
linker arm. 

Dextran may be attached to an oligonucleotide by 
reaction with 6-bromohexanoic acid as described by Pietta, 
al- in Preparative Bioehemi atny , Vol. 14, pgs. 313-329 
(1984) to give a carboxylic add which can be converted into 
an active ester derivative. The active ester can then be 
reacted with a 2 ' oligonucleotide amino to give a 2 '-dextran 
conjugate. Alternatively, dextran can be partially oxidized 
with periodate to give a dialdehyde which can be reacted 
with the 2 '-oligonucleotide amino group to give a Schiff 
base which can then be reduced. Other methods such as 
activation with cyanogen bromide or a chloroformate ester 
can be used and have been reviewed by Schacht in Industrial 
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PolysaccharideH: Oenetic Enrr^n^o^ ing. s^^,^^„^e/P.-or,».-^. 
Relations and Applications , M. Yalpani ed., (1987) pgs 
389-400 and by Yalpani and Brooks in Journal »^ p.i^ ^^l 
Scoence, Vol. 23, pgs. 1395-1405 (1985). Several of the 
above methods may also be applied to the formation of 
conjugates with other ■ carbohydrate molecules such as 
cyclodextrin and starch. 

Acridine may be attached to the oligonucleotide at the 
2 '-position of the sugar moiety by reacting 
6,9-dichloro-2-methoxyacridine with 6-aminocaproic acid to 
■ produce a 9-sub8tituted acridine-caproic acid adduct, which 
• may be condensed with a 2 •-oligonucleotide amino group uaing 
a water soluble carbodiimide. as the coupling agent. 
Alternatively, the acridine- aminocaproic acid adduct can be 
converted into an active ester, • and then coupled -to the 
2 '-oligonucleotide amino group. In another alternative, 
6,9-dichloro-2-methoxyacridine is reacted with a diamine 
such as 1,6-hexanediamine to produce an acridine with an 
amino-containing linker arm at the 9-po8ition. This 
compound can then . be coupled to the 2 '-position of an 
oligonucleotide using a crosslinking agent such as 
disuccinimidyl suberate. The length of the linker arm can 
be varied depending upon the particular application. 

The method for attachment of vitamins depends upon the 
nature of the vitamin and its available functional groups. 
Several vitamins including Vitamin A, thiamine (Vitamin B ) 
riboflavin (Vitamin ) , pyridoxine (Vitamin Bg), Vitamin 
B^2. ascorbic acid (Vitamin C), and Vitamin D possess 
hydroxyl groups which can be used as linkage sites for 
attachment of a linker arm. Another, group of vitamins 
including folic acid and nicotinic acid, have carboxyl 
groT^s which can be used as attachment sites by coupling to 
a 2' oligonucleotide -amino group, or to an amino group 
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attached to a linker arm at the 2'-poBition, using a 
carbodnmide coupling agent. All of the above can be 
modified at a position in the carbon skeleton to produce 
analogs which can be attached to the 2 '-position of 
oligonucleotides. 

The oligonucleotides of the present invention may be 
employed to bind to RNA sequences by Watson-Crick 
hybridization, and thereby block RNA processing or 
translation. For example, the oligonucleotides of the 
present invention may be employed as "antisense" complements 
to target sequences of mRNA in order to effect translation 
arrest and selectively regulate protein production. 

The oligonucleotides of the present invention may be 
employed to bind double-stranded DNA to form triplexes or 
triple helices, such triplexes inhibit the replication or 
transcription of DNA, thereby disrupting gene replication or 
transcription. Such triplexes may also protect DNA binding 
sites from the action of enzymes such as DNA methylases 

The FNA or DNA target of interest, to which the 
oligonucleotide binds, may be present in a prokaryotic or 
eukaryotic cell, a virus, a normal cell, or a neoplastic 
cell. The sequences may be bacterial sequences, plasmid 
sequences, viral sequences, chromosomal sequences, 
mitochondrial sequences, or plastid sequences. The 
sequences may include open reading frames for coding 
proteins, mRNA, ribosomal BNA, snHNA, hnRNA, introns or 
untranslated 5'- and S'-sequences flanking open reading 
frames. The target sequence may therefore be involved in 
inhibiting production of a particular protein, enhancing the 
expression of a particular gene by inhibiting the expression 
of a repressor, or the sequences may be Involved in reducing 
the proliferation of viruses or neoplastic cells. 
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The oligonucleotides may be used in vitro or in vivo 
. for modifying the phenotype of cells, or for limiting the 
proliferation of pathogens such as viruses, bacteria 
protista, mssBlMm sP^cies, caHamvdi^ or the like, or for 
killing or interfering with the growth of neoplastic cells 
or specific classes of normal cells.- Thus, the 
olxgonucleotides may be administered to a host subject in a 
diseased state to inhibit the transcription and/or 
expression of the native genes of a target cell. Therefore 
the oligonucleotides nay be used for protection from or 
treatment of, a variety of pathogens in a host, such as,' for 
example, enterotoxigenic bacteria, Pneumococ=^-i Ngiss^ 
organxsms, Giardia organisms. Entamoeba,, neoplastic cells 
such as carcinoma cells, sarcoma cells, and lymphoma cells' 
specific B-cells; specific T-cells, such as helper -cells' 
suppressor cells, cytotoxic T-lymphocytes (CTL), natural 
killer (UK) cells, etc. 

The oligonucleotides nay be selected so as to be 
capable of interfering with transcription product maturation 
or production of proteins by any of the mechanisms involved 
with the binding of the sublect co«5,osition to its target 
seouen^* Ihese mechansims may include interference with 

inhibition Of transport across the nuclear 
membrane, cleavage by endonucleases , or the like. 

The oligonucleotides may be complementary to such 
aces as sequences expressing growth factors 
lymphokines, immunoglobulins. T-cell receptor sites, MHc 
antigens, im or UNA polymerases, antibiotic resistance, 
multiple drug resistance (mdr), genes involved with 
metabolic processes, in the formation of amino acids 
nucleic acids, or the like, DHFR, etc. as well as introns or 
flanking sequences associated with the open reading frames. 
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The following table is 
applications of the subject 

Area of AppH^a4-i»r, 

Infectious Diseases: 
Antivirals, Human 

Antivirals, Animal 



Antibacterial, Human 
Antiparasitic Agents 



Cancer 

Direct Antl -Tumor 
Agents 

Adjunctive Therapy 

Auto Im mune Diaeagea 
T-cell receptors 



Organ Transplants 



PCr/US93/04144 

illustrative of some additional 
compositions. 

Specific Apnli cat- ion Targ^ ^f>a 

HIV, HSV, CHV, HPV, VZV 
infections 

Chicken Infectious Bronchitis 
Pig Transmissible 
Gastroenteritis Virus 
infections 

Drug Resistance Plasmids 
Malaria 

Sleeping Sickness 
(Trypanosomes) 

Oncogenes and their products 

Drug Resistance genes 
and their products 

Rheumatoid Arthritis 
Type I Diabetes 
Systemic Lupus 
Multiple sclerosis 

0ICT3 cells causing 
GVHD 
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The oligonucleotides of the present invention may be 
employed for binding to target molecules, such as, for 
example, proteins including, but not limited to, ligands, 
receptors, and or enzymes, hereby such oligonucleotides 
inhibit the activity of the target molecules. 

The oligonucleotides of the present invention are 
administered in an effectives binding amount to an RNA, a 
DNA. a protein, or a peptide. Preferably, the 
oligonucleotides are administered to a host, such as a human 
or non-human animal host, so as to obtain a concentration of 
oligonucleotide in the. blood of from about 0.1 to about 100 
jimole/l. It is also contemplated that the oligonucleotides 
may be administered in vitro or ex vivo as well as in vivo. 

The oligonucleotides may be administered in conjunction 
with an acceptable pharmaceutical carrier .as a 
pharmaceutical composition. Such pharmaceutical 

compositions may contain suitable excipients and auxiliaries 
which facilitate processing of the active compounds into 
preparations which can be used pharmaceutically. Such 
oligonucleotides may be administered by intramuscular, 
intraperitoneal, intraveneous, or sufadeimal injection in a 
suitable solution. Preferably, the preparations, 
particularly those which can be administered orally and 
which can be used for the preferred type of adninistration, 
such as tablets, dragees and capsules, and preparations 
which can be administered reetally, such as suppositories, 
as well as suitable solutions; for administration 
parenterally or orally, and compositions - tAich can be 
administered buccally or sublingually, including inclusion 
confounds, contain from about 0.1 to 99 percent by wei^t of 
active ingredients, together with the excipient. It is also 
contemplated that the oligonucleotides may be administered 
topically. 



20 



wo 93/23570 _ 

PCr/US93/04144 

The pharmaceutical preparations of the present 
invention are manufactured in a manner which is itself well 
known in the art. For example, the pharmaceutical 
preparations may be made by means of conventional mixing 
granulating, dragee-making, dissolving or lyophilizing 
processes. The process to be used will depend ultimately on 
the physical properties of the active ingredient used. 

suitable excipients are, in particular, fillers such as 
sugar, for example, lactose or sucrose, mannitol or 
sorbitol, cellulose preparations and/or calcium phosphates, 
for example, tricalcium phosphate or calcium hydrogen 
phosphate, as well as binders such as starch or paste, 
using, for example, maize starch, wheat starch, rice starch,' 
potato starch, gelatin, gum tragacanth, methyl cellulose' 
hydroxypropylmethylcellulose , sodium carboxypropylmethyll 
cellulose, sodium carboxymethylcellulose, and/or polyvinyl 
pyrrolidone. If desired, distintegrating agents may be 
added, such as the above-mentinoed starches as well as 
carboxymethyl-starch, cross-linked polyvinyl pyrrolidone, 
agar, or alginic acid or a salt thereof, such as sodiuili 
alginate. Auxiliaries are flow- regulating agents and 
lubricants, such as, for example, silica, talc, stearic acid 
or salts thereof, such as magnesium stearate or calcium 
stearate, and/or polyethylene glycol. Dragee cores may be 
provided with suitable coatings which, if desired, may be 
resistant to gastric juices. For this purpose, concentrated 
sugar solutions may be used, which may optionally contain 
gum arabic, talc, polyvinylpyrrolidone, polyethylene glycol 
and/or titanium dioxide, lacquer solutions and suitable 
organic solvents or solvent mixtures. In order to produce 
coatings resistant to gastric juices, solutions of suitable 
cellulose preparations such as acetylcellulose phthalate or 
hydroxypropylmethylcellulose phthalate, are used. Dyestuffs 
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and pigments may be added to the tablets of dragee coatings, 
for example, for identification or in order to characterize 
different combinations of active compound doses. 

Other pharmaceutical preparations which can be used 
orally include push-fit capsules made of gelatin, as well as 
soft, sealed capsules made of gelatin and a plasticizer such 
as glycerol or sorbitol. The push-fit capsules can contain 
the oligonucleotide in the form of granules which may be 
mixed With fillers such as lactose, binders such as 
starches, and/or lubricants such as talc or magnesium 
stearate and, optionally, stabilizers. In soft capsules, 
the active compounds are preferably dissolved or suspended 
in suitable liquids, such as fatty oils, liquid paraffin, or 
liquid polyethylene glycols. In addition, stabilizers may 
be added. 

Possible pharmaceutical preparations which can be used 
rectally include, for example, suppositories, vbich consist 
of a combination of the active compounds with a suppository 
base. Suitable suppository bases are, for example, natural 
or synthetic triglycerides, paraffin hydrocarbons, 
polyethylene glycols, or higher alkanols. In addition, it 
is also posible to use gelatin rectal capsules which consist 
of a combination of the active compounds with a base. 
Possible base materials include, for example, liquid 
triglycerides, polyethylene glycols, or paraffin 
hydrocarbons. 

Suitable formulations for parenteral administration 
include aqueous solutions of the actiye compounds in 
water-soluble or water-di spersible form. In addition, 
suspensions of the active compounds as appropriate oil 
injection suspensions may be administered. Suitable 
lipophilic solvents or vehicles include fatty oils, for 
exangjle, sesame oil, or synthetic fatty acid esters, for 
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example, ethyl oleate or triglycerides. Aqueous injection 
suspensions may contain substances which increase the 
viscosity of the suspension including, for example, sodium 
carboxymethyl cellulose, sorbitol and/or dextran. 
Optionally, the suspension may also contain stabilizers. 

Additionally, the compounds of the present invention 
may also be administered encapsulated in liposomes, wherein 
the active ingredient is contained either dispersed or 
variously present in corpuscles consisting of aqueous 
concentric layers adherent to lipidic layers, the active 
ingredient, depending upon its solubility, may be: present 
both in the aqueous layer, in the lipidic layer, or in what 
is generally termed a liposomic . suspension. The hydrophobic 
layer, generally but not exclusively, comprises 
phospholipids such as lecithin and sphingomycelin, steroids 
such as cholesterol, surfactants such as dicetylphosphate, 
stearyiamine,. or phosphatidic acid, and/or other materials 
of a hydrophobic nature. The diameters of the liposomes 
generally range from about 15 nm to about 5 microns. 

The oligonucleotide conjugates of the present invention 
may also be employed as diagnostic probes. In this approach 
the conjugate group serves as a nonradioactive reporter 
group for the detection of nucleic acid sequences of 
interest. In one embodiment, the DNA-containing sample to 
be analyzed is immobilized on an inert solid support such as 
a nitrocellulose membrane and then annealed with the 
oligonucleotide conjugate. This annealing procedure allows 
the oligonucleotide to bind to the DMA provided that the 
base sequences are complementary to each other. After a 
series of washing steps the duplex of the oligonucleotide 
conjugate with the DNA is exposed to a con^jlex of an 
antibody to the conjugate group attached to an enzyme such 
as alkaline phosphatase. After a further series of washing 
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Steps, the DNA-antibody-enayme con^jlex is detected by 
exposure to a chromogenic substrate which generates a 
purple-blue color in the area of the bound complex. 

Several other conjugate groups have been used in this 
manner. For example, oligonucleotide diagnostic probes have 
been prepared by attachment of digoxigenin to the 5-position 
of pyrimidine bases as reported by Muhlegger et al. in 
Nucleosides and Mueleotidea. Vr^i a, pages 1161-1163 (1989), 
and conjugates of the 2 , 4-dinitrophenyl group have been 
reported by Vincent et al. in Nucleic Acids Research . Volume 
10, pages 6787-6796 (1982). 

The oligonucleotide conjugates can also be used as 
diagnostic probes to Interact with RMA's in a sample 
provided that the target UNA has a sequence con^lementary to 
the oligonucleotide conjugate seguence. If both DNA and RMA 
are present in the sample and it is desired to measure only 
DNA, the sample can be treated with RNase prior to addition 
of the oligonucleotide conjugate. If it is desired to 
measure only RNA, the sample can be treated with DNase prior 
to addition of the oligonucleotide conjugate. The 
oligonucleotide conjugates can also be used as diagnostic 
probes to interact with proteins in a sample provided that 
the target protein binds tightly or specifically to the 
conjugated oligonucleotide because of the seguence of the 
conjugated oligonucleotide. For example, the glucocorticoid 
receptor protein has been demonstrated to bind with high 
affinity to the sequence CCTACAN3TGTTCT, wherein N is any 
purine or pyrimidine base. (R.H. Evans, Science, Vol. 240, 
pgs. 889 (1988)). A double stranded oligonucleotide in 
whidh one strand is an oligonucleotide conjugate of the 
present invention could be used as a diagnostic probe to 
measure glucocorticoid receptor protein in a sample. Other 
DNA-binding proteins can be similarly measured. Bock et al. 
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(Natjire, Vol. 355, pages 564-566, (1992) have demonstrated 
that the protein thrombin binds tightly to DMA 
oligonucleotides containing the 



, concensus sequence 

GGTTGG(N_)CGTTGC. An oligonucleotide «^ ^-v 

J wwMuwieotiae ot the present 

invention containing ribonucleotides or deoxyribonucleotides 
of a given sequence might thus be used to detect a protein 
which binds that sequence. 

m 

The invention will now be described with respect to the 
following examples; however, the scope of the present 
invention is not intended to be limited thereby. 

Examnlc 1 

Synthesis of 2'.» riflttQrftii«ft<;ain4 , rir.,9» 

deoxvurldjn** 

S-ethyl trifluorothioacetate . (0.359 ml; 2.8 mmol) was 
added dropwise at ambient temperature to a stirred solution 

of: 0 



[prepared from 2,2'-anhydro-l-(^-D-arabinofuranosyl) uracil 
by the procedure of Verheyden, et al., J. Org, ch^m vol. 
36, pg. 250 (1971)1 in methanol. The reaction flask was 
loosely stoppered and the contents stirred for 30 hours. 
Another portion of S-ethyl trifluorothioacetate (0.05 ml; 
0.39 mmol) was added and stirring was continued for an 
additional 23 hours. ihe mixture was concentrated to 
dryness in vacuo, and the residue was dissolved in ethyl 
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and purified by silica 
chromatography using ethyl acetate 
2 -trif luoroacetamido-2 * -deoxyuridine. 




column 
as eluant to give 
having the following 



a ^te fluffy solid. An aliquot of 
2 • -trif luoroacetainido-2 • -deoxyuridine vas dissolved in a 
solution of 5% ninhydrin in 95% ethanol and then heated to 
give a negative ninhydrin test. 



Synthesis of 5*-0-f 4.4*-diinethoxvtritvl\- 
2 ' -trif l uoroacetamido-2 ' -deoxvurlding 
4,4'-dimethoxytrityl CDMIr) chloride (95% pure; 0.47ag; 
1.34 mmol) was added to a stirred solution of 
2' -trif luoroacetainido-2' -deoxyuridine in dry pytidine (5 ml) 
at o c. The reaction flask was stoppered and stirring 
continued at for 0.5 hour and then at ambient 

temperature for 4.5 hours. The flask was then cooled in ice 
and the mixture vas .quenched with methanol (1 ml). The 
mixture was stirred at 0*C for 5 minutes and then at ambient 
temperature for 20 minutes, followed by concentration in 
vacuo. The residue was coevaporated with toluene (2 x 15 
ml) in vacuo and purified by silica gel flash column 
chromatography using ethyl acetate/pentane (1:1) as eluant 
to give a light yellow solid product of 
5 • -0- ( 4 , 4 • -dimethoxytrityl ) -2 ' - tri f luoroacetamido-2 ' -deoxy- 
uridine having the following structural formula; 
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(3) 



An aliquot of 5'-0-(4,4'-d±methoxytrityl)-2'- 
trifluoroacetamido.2'.deoxyurid±ne gave a negative ninhydrin 



Example 3 

Synthesis of S'-O-f a , 4 ',diini><;h»vvtrltvl^-!g'. 

trifluoroacet«mido.r-rt^nT,nrridln>,.V,n-^.^ ^,,,„,.,, 

conjugation thereof to long rhain Vy , control i>h p.,: 
glass ~ 

* . 

4-dimethylaminopyridine (0.025 g; 0.2 nmiol) and 
succinic anhydride (0.020g; 0.2 nuBol) were added 
successively to a solution of 

5 -0- ( 4, 4 • -dinethoxytrityl ) -2 ' - trif luoroacetamido.2* -deoxyu- 
ridine {0.128g, 0.2 nmol) in dry pyridine (5 ml) at 25«C 
The reaction mixture was stirred for 1 day and then 
concentrated in vacuo to give the 3 • -O-monosuccinate 
^ ^ having the following structural formula: 





^^t-^ C/i COO" 
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as a viscous oil. This oil was dissolved in dry 
dichloromethane (1.6 ml), mixed with dicyclohexyl 
carbodiimide (0.124 g; 0.6 nmol) and then stirred for 5 
minutes at ambient temperature. Long chain aminoalkyl 
controlled pore glass (LCAA-CPG, 0.4g; loading of functional 
group equals 89.5 pmole/g) was added and the mixture was 
shaken on an orbital shaker (3500 rpm) for 17 hours. 

The mixture was diluted with d:^ dichloromethane (3nl), 
filtered and the solid was thorou^ly washed with dry 
tetrahydrofuran (IHF) followed by dry ether and dried over 
P2O5 in vacuo to yield 0.405g of solid. Capping of 
unreacted functional groups was carried out by successively 
adding acetic anhydride (0.2 ml) and 4-dimethyl amino 
pyridine (DMRP) (4 mg) to a suspension of derivatized 
LCaA-CS-G in pyridine (1.2 ml) and then the mixture was 
shaken occasionally at ambient temperature for 1.75 hours. 
The mixture was filtered to give a aupported nucleotide 
having the following structure: 



/ ^ 

The mixture was filtered and the derivatized solid 
support (5) was thoroughly washed with dry tetrahydrofuran 
(THF) followed by anhydrous ether and dried over P-Og in 
vacuo to give 0.4g of white solid. Loading of nucleoside in 
LCAA-CPG was 41.9 nmol/g and was determined fay 

cation assay as described by Atkinson and 
Oligonucleotide Sy nthesis ; A Praetleai Approafrh 
M.J. Gait ed.; I.R.L. Press, Oxford, 1984, pg. 48 except 
3% dichloroacetic acid in dichloromethane was used 
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instead of perchloric acid/methanol . An aliquot of (5) gave 
a negative ninhydrin test. 

■Example 4 
Synthesis of a 2' Amino Oligomer 
The supported nucleotide (5) (10 mg; 0.419 pmole) was 
loaded into a 1 jmole size column, installed on an Applied 
Biosystems DNA synthesizer (Model #394), and synthesis of a 
modified oligonucleotide having the following structure: 
AGT GTT CAG TTC COT-2*-NH, (6) 

was performed by using standard cyanoethyl phosphoramidite 

chemistry. 

After cleavage from the solid support, the ammonia 
solution from the synthesizer was heated at 55 "C overnight 
to remove the base protecting groups, and then evaporated to 
dryness. The residue was dissolved in 300 nl of water, and 
passed through a Sephadex G25 column (1 x 10 cm) ^ch was 
eluted With water. The fractions containing the 
oligonucleotide (as determined by DV spectroscopy) were 
combined, and evaporated to dryness to give the crude 
oligonucleotide (6). 

Example 5 
Attachment of Alanine to a 2'-aininr>. 

oligonucleotide ' 
A solution of the oligonucleotide (5) (75 QD-g^ units) 
in 0.2M sodium phosphate (pH 8.25, 195 Hi) was added to an 
Eppendorf tube containing a solution of 
N-fluorenylmethoxycarbonyl- alanine succinimidate (3 mg) in 
dry dimethylformamide (90 nl) and the resulting mixture was 
stirred for 15 seconds. This solution was incubated at 
ambient temperature for 1 hour and then transferred into 
another Eppendorf tube containing a solution of 
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ir-fluorenylmethoxycarbonyl-alanine succinimidate (2.2 mg) in 
dry dimethylformamide (30 m). The mixture was again 
stirred for 15 seconds and incubated for 6 hours . The 
mixture was filtered and the filtrate purified by 
preparative reversed phase C-IS HPLC using a linear gradient 
of O.IM trifethylammonium acetate (pH 7 . 1 ) /acetonitr i le as 
eluant. The fraction containing the desired product was 
collected and concentrated in vacuo to give the 
N-fluorenylmethoxycarbonyl protected alanine-oligonucleotide 
conjugate. This material was then dissolved in cold 28% 
ammonium hydroxide (l ml) and incubated at ambient 
temperature for 5.5 hours. Nitrogen was bubbled throu* the 
mixture for 30 minutes, and the solution was then evaporated 
to dryness. The solid was dissolved in 1 ml of deionized 
water and then extracted four times with 1 ml of ethyl 
acetate. Traces of ethyl acetate present in the aqueous 
layer were removed under a stream of nitrogen, and the 
solution was then concentrated in vacuo to dryness. The 
residue was dissolved in 200 jil of deionized water, 
filtered, and the filtrate is subjected to preparative 
reversed phase C-18 HPLC using a linear gradient of O.IM 
triethylammonium acetate/acetonitrile as eluant, and the 
desired fraction containing the alanine-oligonucleotide 
conjugate was collected and concentrated in vacuo to give an 
alanine-oligonucleotide conjugate having the following 
structure: 

ACT GTT cac TIC CGU-2'-NH-Cpg5-NH 

. 2 



(7) 



Example 6 



Attachm ent of glucose to a 2'-aiBtTir>- 
modified olioanttcleotide 
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A solution of the oligonucleotide (6) (loo 0D,^„ units) 
in 0.2M sodium phosphate (pH 7.0; 70^1) Xb added to an 
E*)pendorf tube containing a solution of 
2,3,4,6-tetra-O-acetyl-^-D-glucopyranosyl isothiocyanate (l 
«g) in dimethylformamide (30 m1) and the resulting mixture 
is stirred for 15 sec. and then incubated at ambient 
temperature for 1 day. The mixture is purified b 



preparative reversed phase C^g HPLC to give the protected 
thiourea derivative which is then deprotected with aqueous 
ammonium hydroxide at ambient temperature and purified by 
reversed phase C.g HPLC to give the glucose oligonucleotide 
conjugate having the following structure: 



ACT GTT CAG TTC C0lI-2'-NH 

f 

CS 



It is to be understood, however, that the scope of the 
present invention is not to be limited to the specific 
embodiments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims. 
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WHAT IS CLAIMED IS: 

1. An oligonucleotide wherein at least one nucleotide 
unit is substituted at the 2' position with a moiety X, 

wherein X is -YD -R whev>»'fn r s i4>i. 

K^, wnerein L is a linker group, n is G 

or 1, and is selected from the group consisting of (a) 
amino acids; (b) peptides, polypeptides, and proteins; (c) 
dipeptide mimics; (d) sugars; (e) sugar phosphates;' (f ) 
neurotransmitters; (g) hormones; (h) poly 

(hydroxypropylmethacrrylamide) ; (i) polyethyleneimine; (j) 
dextrans; (k) polymaleic anhydride; (1) cyclodextrins ; (m) 
starches; (n) steroids; (o) acridine; and (p) vitamins, with 
the proviso that the vitamin is not biotin. 

2. Ihe oligonucleotide of Claim 1 wherein the at 
least one nucleotide unit is the 3' terminal nucleotide 
unit. 



3. The oligonucleotide of Claim 1 wherein the 
phosphorus containing moiety of the at least one nucleotide 
unit is a modified phosphate moiety. 

4. The oligonucleotide of Claim 1 wherein R is a 
peptide, polypeptide or protein. 

5. TbB oligonucleotide of Claim 4 wherein R, is 
poly lysine. ^ 

* 

6. The oligonucleotide of Claim 1 wherein R is an 
amino acid. 

7. The oligonucleotide of Claim 1 wherein R^ is a 
itide mimic. 

8. The oligonucleotide of Claim 1 wherein R, is a 

1 




1 



is a 



9. The oligonucleotide of Claim 1 wherein R 
sugar phosphate. 

10. The oligonucleotide of Claim 1 wherein R is a 
neurotransmitter. 
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11. The oligonucleotide of Claim 1 wherein R. is a 
hormone . 

12. The oligonucleotide of Claim 1 wherein R is 
polyethyleneimine. ^ 

13. The oligonucleotide of Claim 1 wherein R is poly 
(hydroKypropylmethacrylamide) . 

14. The oligonucleotide of Claim 1 wherein R is a 
dextran. 

15. The oligonucleotide of Claim 1 wherein R is 
pplyraaleic anhydride. 

16. The oligonucleotide of Claim 1 wherein R is a 
cyclodextrin. 

17. The oligonucleotide of Claim 1 wherein R, is a 



18. The oligonucleotide of Claim 1 wherein -R.. is a 
The. oligonucleotide of Claim 1 wherein R. is 



20. The oligonucleotide of Claim 1 wherein R- is a 
vitamin selected from the group consisting of Vitamin A, 
Vitamin B^, Vitamin B^, Vitamin Bg, Vitamin B^^' Vitamin C,' 
Vitamin D, Vitamin E, folic acid, and nicotinic acid. 

21. The oligonucleotide of Claim 1 wherein the 
oligonucleotide is a deoxyribonucleotide. 

22. The oligonucleotide of Claim I wherein the 
oligonucleotide is a ribonucleotide. 

23. The oligonucleotide of Claim 1 wherein the 
oligonucleotide includes ribonucleotide and 
deoxyribonucleotide moieties. 

24. A composition for binding to an HNA, a DNA, a 
protein, or a peptide, comprising; 

(a) an oligonucleotide wherein at least one nucleotide 
unit is substituted at the 2' position with a moiety X, 
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Wherein X is -(L)^-^!' wherein L is a linker group, n is o 
or 1, and is selectfsd from the group consisting of (i) 
amino acids; (ii) peptides, polypeptides, and proteins; 
(iii) dipeptide mimica; (iv) sugars, (v) sugar phosphates; 
(vi) neurotransmitters; (vii) growth factors; (viii) poly 
(hydroxy-propylmethacryiamide) ; (ix) polyethyleneimine; (x) 
dextrans; (xi) polymaleic anhydride; (xii) cyclodextrins; 
(xiii) starches; (xiv) steroids; (xv) acridine; and (xvi) 
vitamins, with the proviso that the vitamin is not biotin; 
and 

(b) an acceptable pharmaceutical carrier, wherein said 
oligonucleotide is present in an effective binding amount to 
an RNA, a DNA, a protein, or a peptide. 

25. The composition of Claim 24 wherein the at least 
one nucleotide unit is the 3 ' tetminal nucleotide unit^ 

26. The composition of (21alm 24 wherein the phosphorus 
containing moiety of the at least one nucleotide unit is a 
modified phosphate moiety. * . 

27. The con?>o8ltion of Claim 24 wherein R, is a 
p^tide, polypeptide, or protein. 

28. The composition of Claim 27 wherein R. is 
polylysine. 

29. The composition of Claim 24 wherein Rj^ is an amino 



30. The composition of Claim 24 wherein R, is a 
dipeptide mimic. 

31. The composition of Claim 24 wherein R- is a sugar. 

32. The composition of Claim 24 wherein R. is a sugar 
phosphate. 

33. The con?>osition of Claim 24 wherein R. is a 
neurotransmitter. 

34. The composition of Claim 24 wherein R. is a 
hormone. 
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35. The composition of Claim 24 wherein R is 
polyethyleneimine. ^ 

36. The composition of Claim 24 wherein R, is poly 
(hydroxypropylmethacrylamide) . 

37. The composition of Claim 24 wherein R is a 



dextran . 

38. The composition of Claim 24 
polymaleic anhydride. 



R, is 



39. The composition of Claim 24 wherein R 



1 



IS a 



starch. 



40. The composition of Claim 24 wherein R 

1 



is a 



41. The composition of Claim 24 wherein 



R, is a 



steroid. .' ^ 

42. The composition of Claim 24 wherein R is 
acridine . 1 

43. The coinposition of Claim 24 wherein R is a 
imn selected from the group consisting of Vitamin A 

Vitamin B^, Vitamin E^, Vitamin Bg, Vitamin B,,, Vitamin C,' 
Vitamin D, Vitamin E, folic acid, and nicotinic acid. 

44. The composition of Claim 24 wherein the 
oligonucleotide is a deoxyribonucleotide . 

45. The composition of Claim 24 wherein the 
oligonucleotide is a ribonucleotide. 

46. The composition of Claim 24 wherein the 
oligonucleotide includes ribonucleotide and 
deoxyribonucleotide moieties. 

47. In a process wherein an oligonucleotide is 
administered for binding to an RNA, a DMA, a protein, or a 
peptide, the improvement comprising: 

administering to a host an effective binding amount of 
an oligonucleotide wherein at least one nucleotide unit is 
substituted at the 2* position with a moiety X, wherein X is 
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-(I.)j^-R^, wherein L is a linker group, n is 0 or 1, and R 
is selected from the group consisting of (a) amino acids^ 
(b) peptides, polypeptides; and proteins; (c) dipeptide 
mimics; (d) sugars; (e) sugar phosphates; (f) 
neurotransmitters; (g). growth factors; (h) poly 
(hydroxy-propylmethacrylanide) ; (i> polyethyleneimine, (j) 
dextrans; (k) polymaleic anhydride; (1) cyclodextrins; (m) 
starches? (n) steroids; (o) acridine; and (p) vitamins/ with 
the proviso -Qiat the vitamin is not biotin. 

48. The process of Claim 47 wherein the at least one 
nucleotide unit is the 3' terminal nucleotide unit. 

49. The process of Claim 47 wherein the phosphorus 

nucleotide unit is a 

modified phos{diate moiety. 

50. The process of Claim 47. wherein R is a p^tide, 
polypeptide, or protein. 

51- The. process of Claim 50 wherein R. is polylysine. ' 
The process of Claim 47 wherein is an amino 

The process of Claim 47 \merein R, is a dipeptide 



52. 



53. 
mimic . 



54. The process of Claim 47 wherein R. is a sugar. 

55. The process of Claim 47 wherein R is a sugar 
phosphate. 

56. The process of Claim 47 wherein R- is a 
neurotr anaani tter . 

57. The process of Claim 47 wherein R^ is a hormone. 

58. The process of Claim 47 wherein R, is polyethylene 
imine. 

59. The process of Claim 47 wherein R. is poly 
(hydroxypropylmethacrylamide) . 

60. The process of Claim 47 wherein Rj^ is a dextran. 
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61. The process of Claim 47 wherein R, is polymaleic 
anhydride . 

62. The process of Claim 47 wherein R, is a 
cyclodextrin. ^ 



63. The process of Claim 47 wherein R^ is a starch. 

64. The process of Claim 47 wherein R^ is a steroid. 

65. The process of Claim 47 wherein R^ is acridine. 

66. The process of Claim 47 wherein R^ is a vitamin 
selected from the group consisting of Vitamin A, Vitamin B 
Vitamin B^, Vitamin Bg, Vitamin B^^' Vitamin C, Vitamin O, 
Vitamin E, folic acid, and nicotinic acid. 

67. The process of Claim 47 wherein the 
oligonucleotide is a deoxyribonucleotide. 

68. The process of Claim 47 wherein the 
oligonucleotide is a ribonucleotide. 

69. The process of Claim 47 wherein the 
oligonucleotide includes ribonucleotide and 
deoxyribonucleotide moieties. 

70. A probe for determining the presence of a target 
DNA or RNA sequence, comprising: 

an oligonucleotide wherein at least one nucleotide unit 
is substituted at the 2' position with a moiety X, wherein X 
is -(I')a-Ri. wherein L is a linker group, n is 0 or 1, and 
Rj is selected from the group consisting of (a) amino acids; 
(b) peptides, polypeptides, and proteins; (c) dipeptide 
mimics; (d) sugars; (e) sugar phosphates; (f) 
neurotransmitters; (g) hormones; (h) poly 

(hydroxypropylmethacrylamide); (i) polyethyleneimine ; (j) 
dextrans; (k) polymaleic anhydride; (l) cyclodextrins ; (m) 
starches; (n) steroids; (o) acridine; and (p) vitamins, with 
the proviso that the vitamin is not biotin. 

71. The oligonucleotide of Claim 18 wherein the 
steroid is a sterol. 
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The con^osition of Claim 41 wherein the steroid is 
The process of Claim 64 wherein the steroid is a 
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